. The date and laboratory number are punched manually, and simultaneously a day book list is compiled by the electrically linked typewriter. As work proceeds, the cards are completed in code by the technicians. Should culture produce significant growth another and different card is used to enter diagnostic tests 'Present address:
and antibiotic sensitivities for each organism isolated. These coded results are transferred to punch cards which are fed into an IBM 1440 computer together with validating, decoding, and printing programs. The cards are previously checked visually for errors of sense and of transcription. This method is used in preference to validation punching. Visual checking detects error in approximately 2 5 % of the completed cards. After correction the validation program subsequently rejects approximately 0 4 % of the reports because of mispunches. Amongst the visually detected errors some would have been detected by the program but others would not. Traditionally worded reports and a computerreadable form of these are in this way produced in one operation.
Problem Areas
When the specimen arrives in the laboratory it is generally not known whether it will require few or many procedures to produce a definitive result. The results themselves are a mixture of numerical data and non-numerical findings which are potentially very variable. The conversion of non-numerical results into a computer-readable form requires the use of codes. Coding may be done retrospectively after reporting, or at the laboratory bench as work proceeds.
1968), preprinted work sheets with multiple choice questions (Gabrieli, Pessin, Thorpe, and Palmer, 1967) , preprinted and prepunched description cards (Straumfjord, Spraberry, Biggs, and Noto, 1967) , or cards punched with patient identification and containing numbered labelled spaces for the entry of coded results (Whitby and Blair, 1970) . Pribor and Welkowitz (1968) A criticism of this method is the amount of key punching of data that it involves (Whitby and Lutz, 1971) . However, with such potentially variable results the use of prepunched cards involves a formidable number (Lindberg, 1968) . Mark sensing eliminates the process of transcription but was rejected as unpractical in a bacteriological laboratory. Mark-sensed cards impose an even more rigid framework than coded entries, and the device of using an unmarked area to generate a result, while doubling the capacity of the card, was felt to be undesirable. Furthermore, the cards may be contaminated in the work area, rendering them electrically or optically unreadable and possible sources of infection. With on-line installations there is the possibility of using VDUs at the bench as a means of data input. At the present time the cost of a sufficient number would be very high.
The available computer is an IBM 1440 16K model housed some 200 yards away from the department and used regularly by members of the Birmingham University Medical School, several departments of the Queen Elizabeth Hospital, and periodically by departments of other hospitals in the United Birmingham Hospitals group. The use of a shared second generation computer for producing daily reports imposes inevitable constraints on departmental autonomy. Computer time is available at a set time each day. Routinely a 15-minute period between 1.00 pm and 2.00 pm has proved satisfactory but Saturdays and bank holidays initially posed problems.
It is necessary to retain a method of producing at least the more urgent reports in the event of a breakdown. Total breakdown has occurred twice during the 18-month period. There have been more frequent short delays due to defects in peripherals, particularly the line printer. The IBM punch machine has been generally reliable but even a minor defect can cause delay and frustration.
The use of a punch machine instead of a typewriter or conventional two-part paper for producing reports implies the availability of a skilled punch operator. It is necessary to have adequate cover for absences, and while we have so far had no staffing problems this might be an area of difficulty as there is competition from industry for such personnel.
Programs other than those producing the daily reports are generally run in the afternoon or evening. Because of the limited size of the computer it was necessary to have separate validation and decoding and printing programs and to write them in machine code. Fortran IV was used for all other programs.
Potential Benefits
The potential benefits from an efficient data handling system may conveniently be considered under laboratory routine, work load, quality control, epidemiology and control of infection, and diagnostic bacteriology.
LABORATORY ROUTINE
The use of punched request cards produces a day book list automatically during the generation of work cards. When the number of reports is greater than 100 per day it is significantly quicker to produce punched cards instead of typewritten reports. One negative report can be typedinapproximately 30 seconds and a positive one in approximately two minutes. Twenty negative reports can be sorted and punched in approximately five minutes and 20 positive reports can be sorted and punched in approximately 11 minutes.
After validating, and decoding, and printing the reports, the computer also prints a list of reports sent out that day. This is particularly useful in dealing with telephone enquiries. For example, Haemophilus influenzae is an organism which can fail to be recognized in laboratory working and where failure of isolation may be due to unsuitability of the culture medium or inexperience of staff. The graph plots the weekly percentage of isolations of H. influenzae from sputum specimens submitted (Fig. 2 and Table) .
The fact that there is a computer-readable record of both biochemical data and antibiotic sensitivities of all bacterial species isolated enables a continuous check to be kept on bacterial populations and laboratory performance.
When, for example, the figures for sulphonamide sensitivity of Escherichia coli isolated from urine specimens are plotted cumulatively, the resulting graph is produced (Fig. 3) .
The binomial distribution may be used as an indicator of the acceptability, or otherwise, of the percentage of Escherichia coli isolations recorded sensitive to sulphonamide each week.
A similar cumulative plotting for ampicillin sensitivity of Klebsiella sp. shows how changes in laboratory performance and/or bacterial population, which might otherwise escape detection, may be noticed (Fig. 4) scan for all records of S. marcescens during the eight month period May-December produced the following figures (see Table) .
A monthly printout of all isolations of multipleresistant Staphylococcus aureus strains and their source has proved another useful summary (Ridley, Barrie, Lynn, and Stead, 1970 
Conclusion
Once the results of routine work have been converted into a computer-readable form, with no more effort at the bench, appreciably more information is available. This need no longer be only one-patient orientated but can be used within the laboratory for quality control, to monitor changes in antibiotic sensitivities, and for epidemiological purposes. With more sophisticated computers available and a network of terminals a central diagnostic service could be envisaged to help with the identification of unusual species (Lapage, Bascomb, Willcox, and Curtis, 1970; Lapage, 1971 group.bmj.com on April 8, 2017 -Published by http://jcp.bmj.com/ Downloaded from
